We evaluated whether circulating levels of melanin-concentrating hormone (MCH), agouti-related protein (AGRP), and ␣-MSH could serve as useful markers of energy homeostasis in humans. We first assessed correlations of serum MCH, AGRP, and ␣-MSH with anthropometric, dietary, and hormonal variables in a cross-sectional study of 108 healthy humans. We then performed interventional studies to evaluate the effects of fasting and/or leptin administration. In eight healthy, normal weight men, we measured serum MCH, AGRP, and ␣-MSH levels at baseline, after 2 d of fasting alone (a low leptin state), and after 2 d of fasting with replacement dose recombinant methionyl human leptin (r-metHuLeptin) administration to normalize circulating leptin levels. In a separate group of five lean and five obese men, we measured MCH levels in response to increasing circulating leptin levels to the pharmacological range by administration of one r-metHuLeptin dose in the fed state. In the cross-sectional study, serum MCH levels were independently and positively associated with body mass index and fat mass and were higher in women than in men. Furthermore, in our interventional studies, fasting for 2 d significantly decreased leptin levels and increased serum MCH levels. Administration of replacement dose r-metHuLeptin during fasting prevented the fasting-induced increase in MCH levels, but administration of a pharmacological rmetHuLeptin dose in the fed state did not further alter MCH levels. Serum AGRP levels tended to change in directions similar to MCH, but this change was less pronounced and needs to be investigated in larger studies. In contrast, serum ␣-MSH levels did not correlate with body composition parameters, were not associated with caloric or macronutrient intake, and were not significantly affected by fasting or r-metHuLeptin administration. These findings suggest that serum MCH and possibly AGRP levels could serve as useful peripheral markers of changes in energy homeostasis and thus merit additional investigation. (J Clin Endocrinol Metab 90: 1047-1054,
H YPOTHALAMIC EXPRESSION OF melanin-concen-
trating hormone (MCH) and agouti-related protein (AGRP), neuropeptides that increase food intake and decrease energy expenditure, is inhibited by leptin administration and induced by low leptin states, such as fasting, genetic leptin deficiency, or leptin resistance in rodents (1) (2) (3) (4) (5) (6) . In contrast, hypothalamic expression of ␣-MSH, a neuropeptide that decreases food intake and increases energy expenditure, is induced by leptin administration and decreased in response to fasting and/or hypoleptinemic states (1) (2) (3) 7) .
Although localization of MCH, AGRP, and ␣-MSH in the hypothalamus is similar in humans and rodents (8 -14) , hypothalamic expression of these neuropeptides cannot be directly measured in living human subjects. MCH, AGRP, and ␣-MSH are detectable in peripheral blood of rodents, however, and serum levels in rodents change in the same direction as in the hypothalamus (15) (16) (17) (18) . Previous studies that evaluated plasma AGRP and ␣-MSH in humans have reported conflicting results with respect to their correlation with adiposity, serum leptin levels, and food intake or fasting (19 -21) . Predictors of serum MCH levels and whether these neuropeptides are affected by exogenous leptin administration in a manner that would be expected based on their physiological roles have not yet been investigated in humans.
We hypothesized that serum MCH, AGRP, and ␣-MSH levels would correlate with fat mass and would change in response to fasting and/or recombinant methionyl human leptin (r-metHuLeptin) administration in humans in directions similar to those previously demonstrated in animals. We first evaluated serum MCH, AGRP, and ␣-MSH levels in relation to anthropometric, hormonal, and dietary variables in a cross-sectional study of 108 healthy subjects.
To elucidate the effect of fasting-induced hypoleptinemia and/or r-metHuLeptin administration at physiological replacement doses, we measured serum levels of these neuropeptides in healthy, normal weight men during a baseline fed state, a 2-d fasting study that reduced circulating leptin levels to 30% of baseline, and a 2-d fasting study with administration of replacement doses of r-metHuLeptin designed to normalize the fasting-induced decrease in leptin levels. Finally, in a separate group of lean and obese men, we evaluated whether MCH levels would be altered in response to increasing endogenous leptin to high physiological levels after r-metHuLeptin administration in the fed state.
Subjects and Methods

Cross-sectional study
One hundred and eight healthy Greek subjects [age, 17.7 Ϯ 1.7 (mean Ϯ sd) yr; body mass index (BMI), 22.3 Ϯ 3.6 kg/m 2 ] were consecutively enrolled at Harokopio University (Athens, Greece). Blood samples for hormonal testing were collected after an overnight fast, and subjects completed a self-administered questionnaire on demographic data, general health, medications, as well as smoking, drinking, and exercise status. Women were not taking oral contraceptives at the time of the evaluation. Weight to the nearest 0.5 kg, height to the nearest 0.5 cm, waist circumference (WC), and hip circumference were measured, and BMI as well as waist to hip ratio (WHR) were determined. Fat body mass (in kilograms and percentage of body weight) and lean mass (kilograms) were calculated using bioelectrical impedance analysis (BIA) performed with a single frequency bioimpedance analyzer (model 101, RJL Systems, Mt. Clemens, MI) (22) . We validated the BIA and anthropometric measurements in a separate study of 60 subjects who underwent a dual energy x-ray absorptiometry scan, as described previously (23) . Thus, in our analysis we used BMI and fat mass calculated by BIA as markers of overall adiposity, and WC and WHR as markers of central obesity.
Dietary analysis was performed using 3-d food records for 2 consecutive weekdays and 1 weekend day. Estimates of energy and macroand micronutrient consumption were generated as previously described (24) . Dietary data were available for all except six subjects.
Interventional studies
Fasting with and without administration of physiological doses of r-metHuLeptin. Eight normal weight men (age, 23.4 Ϯ 1.5 yr; BMI, 23.5 Ϯ 1.7 kg/m 2 ) were screened for any medical problems at Beth Israel Deaconess Medical Center (BIDMC) and were admitted to the General Clinical Research Center (GCRC) under three separate conditions: fed state, fasting with placebo administration, and fasting with r-metHuLeptin administration. The interval between admissions was no less than 7 wk, to allow for recovery of hematocrit, to ensure that subjects would return to their baseline weight at the beginning of each admission, and to avoid any potential long-term effects of r-metHuLeptin administration. All eight subjects completed the fed state and fasting/placebo admissions, and serum neuropeptide levels were available for five of six subjects (age, 22.0 Ϯ 2.1 yr; BMI, 22.2 Ϯ 0.8 kg/m 2 ) who completed the fasting/rmetHuLeptin admission. We obtained similar results when analyzing the eight subjects who participated in at least two parts of the study (intention to treat analysis) as well as the five subjects who had complete data for all three study admissions (on treatment analysis), reported below.
Subjects were admitted the evening before study d 1, and fasting blood samples for hormonal measurements were obtained at 0800 h on d 1 and 3 of each admission. During the fed admission, subjects were placed on an isocaloric diet designed to keep weight stable, with four standardized meals per day, with 20% of calories from breakfast (0800 h), 35% from lunch (1300 h), 35% from dinner (1800 h), and 10% from a snack (2200 h). During both fasting admissions, subjects were allowed to drink only calorie-free and caffeine-free liquids for 2 d, and they received 500 mg NaCl, 40 mEq KCl, and a standard multivitamin with minerals daily. During the fasting/r-metHuLeptin admission, subjects received physiological doses of r-metHuLeptin by sc injection, designed to restore the fasting-induced decline in leptin levels to levels similar to those in the fed state. The daily dose of r-metHuLeptin was calculated based on previous pharmacokinetic studies (0.04 mg/kg on d 1 and 0.1 mg/kg on d 2, because leptin levels decrease further on the second day of fasting) and was divided into four equal doses, administered every 6 h. During the fasting/placebo admission, a buffer solution was administered sc every 6 h. The first dose of r-metHuLeptin or placebo was given on d 1 at 0800 h, after baseline blood samples were collected. 2 ) were admitted to the GCRC during the evening and received a 0.1 mg/kg dose of r-metHuLeptin the following morning, designed to achieve high physiological leptin levels. Fasting blood samples for leptin and MCH measurements were collected at 0800 h immediately before r-metHuLeptin administration and 12 h after the leptin dose (2000 h). Subjects received an isocaloric diet during the study, as described above.
Administration
All studies were approved by the institutional review board at BIDMC, and the cross-sectional study was also approved by the ethics committee at Harokopio University. All subjects (and their parents for the cross-sectional study) gave informed consent to participate. Clinical quality r-metHuLeptin was supplied by Amgen, Inc. (Thousand Oaks, CA), and administered under an Investigator-Initiated New Drug Application submitted to the FDA (submitted by C.S.M.).
Hormone measurements
Serum hormone levels were measured using commercially available RIAs, as follows: MCH, Phoenix Pharmaceuticals [Belmont, CA; sensitivity, 70 pg/ml; intraassay coefficient of variation (CV), 4.4%] (18) (sensitivity, 0.15 pg/ml; intraassay CV, 8%; CF, 4.467). ␣-MSH was measured in sera from all 108 subjects who participated in the crosssectional study; however, sera from only 90 and 76 subjects were available for AGRP and MCH measurements, respectively. To minimize variability, hormone concentrations were measured in one assay for all subjects participating in this study. Similarly, baseline and postintervention hormonal measurements were run in the same assay for each admission of the interventional studies. The MCH assay used herein has not been previously standardized for clinical use, and the effect of gender, race, or ethnic background on baseline levels is unknown.
Statistical analysis
We used SAS 8.2 general linear model procedure for the crosssectional study and StatXact 4 to analyze the data from the interventional studies. For the cross-sectional study, we initially performed Pearson's correlations between each of the three neuropeptides under consideration (MCH, AGRP, and ␣-MSH) and demographic, dietary, anthropometric, and hormonal parameters. We report Pearson's r coefficients, which reflect the strength of an association in values between Ϫ1 and 1. A value of P Ͻ 0.05 was considered statistically significant in the cross-sectional study, although covariates with corresponding values of P Ͻ 0.10 were considered in other multivariate analysis. Based on these results, we then performed simple and multiple linear regression analyses, adjusting for the following potential confounders: age, gender, caffeine intake, smoking history, and current exercise and drinking status. For simple (bivariate) as well as multivariate regression, we report (unstd) ␤ coefficients, which reflect the strength of an association as the change in the dependent variable per unit change in the independent variable. We used logarithmic transformation of nonnormally distributed AGRP levels for all analyses. To examine the effect of nutritional parameters on peripheral concentrations of MCH, AGRP, and ␣-MSH while controlling for total energy intake, we used the residual method described by Willett and Stampfer (27) . We also evaluated gender differences in serum MCH, AGRP, and ␣-MSH levels using two-tailed, independent-sample t tests, followed by linear regression analyses using the three neuropeptides as dependent variables and body composition parameters, leptin levels, and gender as independent variables.
We used nonparametric tests for the interventional studies, because the number of subjects was relatively small, and the data were not normally distributed. We performed exact Wilcoxon signed rank tests to evaluate changes in serum MCH, AGRP, ␣-MSH, and leptin levels and weight between d 1 and 3 of each intervention (feeding with isocaloric diet, fasting with placebo administration, and fasting with r-metHuLeptin administration) in the first interventional study. Based on Bonferroni correction for multiple comparisons, a value of P Ͻ 0.017 was considered statistically significant. We used Wilcoxon signed rank tests to evaluate changes in leptin and MCH levels from baseline to 12 h after administration of the r-metHuLeptin dose in the fed state in the second interventional study.
All statistical tests reported are two-tailed. The cross-sectional study (n ϭ 108) had more than 80% power to detect associations with r Ն 0.30 at the conventional ␣ ϭ 0.05 level. An interventional study with eight subjects studied under different experimental conditions would provide more than 80% power to detect changes in the mean effect estimates larger than 1.4 (one-tailed) or 1.24 (two-tailed) times the respective sd at the conventional ␣ ϭ 0.05 level and has proven to be of adequate size in terms of assessing changes of leptin levels and neuroendocrine variables in response to fasting and/or r-metHuLeptin administration (28, 29) .
Results
Cross-sectional study
Baseline characteristics of the study subjects are summarized in Table 1 . Ninety-four percent of subjects were physically active, 88% did not consume alcohol, and 58% were nonsmokers at the time of evaluation. The mean Ϯ sd serum MCH level for the entire study group was 97.8 Ϯ 22.8 pg/ml, the mean AGRP level was 28.4 Ϯ 16.7 pg/ml, and the mean ␣-MSH level was 10.5 Ϯ 1.7 pmol/liter. Women had higher MCH levels than men (101.6 vs. 90.8 pg/ml; P ϭ 0.048); however, this difference did not remain statistically significant after adjusting for body fat and/or leptin levels in multiple regression analysis. There were no gender-related differences in serum ␣-MSH or AGRP concentrations ( Table  1) . As expected, there were significant gender differences in caloric intake, body composition, and serum leptin, estradiol, and free testosterone levels (Table 1) . Serum neuropeptide levels did not correlate with age, but these subjects were relatively young (age range, 14 -26 yr). In addition, we did not find any correlation among any of the three neuropeptides of interest.
Association of serum MCH, AGRP, and ␣-MSH levels with body composition. We found a significant positive correlation of MCH levels with fat mass (r ϭ 0.26; P ϭ 0.02) and percent fat (r ϭ 0.33; P ϭ 0.003; Table 2 and Fig. 1) . The association between serum MCH levels and percent fat was significant in bivariate regression analysis (unadjusted unstd ␤ coefficient/unstd ␤ ϭ 0.96; P Ͻ 0.01) and in multivariate regression analyses after adjusting for age, gender, caffeine intake, smoking history, as well as current exercise and drinking status (adjusted unstd ␤ ϭ 1.12; 0.01 Յ P Ͻ 0.05). The associations between MCH and BMI or lean mass gained significance after adjusting for the same potential confounders in multivariate analyses (adjusted unstd ␤ ϭ 1.81 and adjusted unstd ␤ ϭ 1.73, respectively; 0.01 Յ P Ͻ 0.05). We also found a negative correlation between AGRP and lean mass (r ϭ Ϫ0.23; P ϭ 0.03; Table 2 ), which was significant after adjusting for age, but did not remain significant after controlling for gender and/or other study predictor variables. We found no correlation between serum levels of the three neuropeptides and central adiposity, as assessed by WC or WHR. In addition, there was no significant association between ␣-MSH levels and any body composition parameters ( Table 2) .
Association of serum MCH, AGRP, and ␣-MSH levels with hormone levels. There was a significant positive correlation between serum AGRP and estradiol levels in bivariate regression analysis (r ϭ 0.33; P ϭ 0.002; Table 2 ). This association remained significant after controlling for age, gender, and lifestyle variables (caffeine, smoking, drinking, and exercise) in addition to BMI (unstd ␤ ϭ 0.004; P ϭ 0.002), lean mass (unstd ␤ ϭ 0.004; P ϭ 0.003), or percent fat (unstd ␤ ϭ 0.004; P ϭ 0.002). The negative correlation between MCH and free testosterone (r ϭ Ϫ0.20; P ϭ 0.08; Table 2 ) became nonsignificant after controlling for the above-mentioned potential confounders in multivariate regression analysis (data not shown). Finally, we did not find significant associations between any of the three neuropeptides of interest and fasting insulin or leptin levels ( Table 2) .
Association of serum MCH, AGRP, and ␣-MSH levels with dietary parameters.
The correlation between MCH levels and daily energy intake (r ϭ Ϫ0.23; P ϭ 0.056; Table 2 ) as well as caffeine intake (r ϭ Ϫ0.22; P ϭ 0.07; Table 2 ) became nonsignificant after controlling for age, gender, and body composition parameters. No significant correlations were found between ␣-MSH or AGRP levels and daily energy intake ( Table 2 ). The significant correlation between MCH levels and daily protein intake (P ϭ 0.02) disappeared after controlling for energy intake (P ϭ 0.20). No other significant associations were observed between neuropeptide levels and macronutrient intake, either before or after controlling for energy intake.
Interventional studies
Fasting with and without administration of physiological doses of r-metHuLeptin. In healthy lean men, body weight did not change with isocaloric feeding (P ϭ 0.64), but decreased by approximately 2 kg during both the fasting/placebo admission (P ϭ 0.008) and the fasting/r-metHuLeptin admission (P ϭ 0.06; Table 3 ). Serum leptin levels did not change in the fed state (P ϭ 0.31), but decreased to 33.5% of baseline after fasting for 2 d (P ϭ 0.008; Table 3 ). R-metHuLeptin administration in physiological doses prevented the fastinginduced decline in leptin levels, resulting in leptin levels within the physiological range for lean men, but slightly, although not significantly, higher than baseline levels in the fed state (target value; P ϭ 0.06; Table 3 ). Serum MCH levels did not change during the fed state (22.0 Ϯ 5.5 vs. 20.7 Ϯ 5.1 pg/ml; P ϭ 0.26), but increased to 127% of baseline after subjects fasted for 2 d (20.1 Ϯ 7.2 vs. 25.6 Ϯ 10.0 pg/ml; P ϭ 0.016; Table 3 and Fig. 2) . Specifically, seven of eight subjects showed an increase, and one subject showed no change in MCH levels during fasting. Importantly, administration of r-metHuLeptin in replacement doses prevented the fasting-induced increase in MCH levels (24.0 Ϯ 12.2 vs. 20.5 Ϯ 7.1 pg/ml; P ϭ 0.63; Table 3 and Fig.  2 ). In addition, the difference between changes in MCH levels during fasting alone vs. fasting with r-metHuLeptin administration was statistically significant (P ϭ 0.04, by MannWhitney test).
AGRP levels tended to increase in the fasted state (P ϭ 0.06), but did not change significantly from baseline when r-metHuLeptin was administered during fasting (P ϭ 0.31; Table 3 ). There were no significant changes in ␣-MSH levels after 2 d of isocaloric feeding (P ϭ 0.31), fasting alone (P ϭ 0.68), or fasting with r-metHuLeptin administration (P ϭ 0.50; Table 3 ). Administration of pharmacological dose of r-metHuLeptin in the fed state. Serum leptin levels increased significantly by approximately 4-fold 12 h after a 0.1 mg/kg dose of r-metHuLeptin was administered in lean men (baseline, 2.1 Ϯ 0.5 ng/ml; 12 h, 9.0 Ϯ 2.5 ng/ml; P ϭ 0.002) and obese men (baseline, 15.5 Ϯ 8.6 ng/ml; 12 h, 54.0 Ϯ 15.8 ng/ml; P ϭ 0.002). Serum MCH levels did not change over this time frame, however (lean men baseline, 34.3 Ϯ 6.4 g/ml; 12 h, 39.4 Ϯ 6.5 g/ml; P ϭ 0.29; obese men: baseline, 38.4 Ϯ 6.2 g/ml; 12 h, 37.8 Ϯ 12.8 g/ml; P ϭ 0.89).
Discussion
We report for the first time that serum MCH levels, which are detectable in human sera, are independently and positively associated with BMI, fat mass, and lean mass in young healthy subjects and are higher in women than in men. Furthermore, MCH levels in normal weight individuals increase significantly in response to 2 d of fasting, but remain unchanged when r-metHuLeptin is administered during fasting to maintain serum leptin levels similar to levels observed in the fed state. In addition, serum MCH levels do not change in response to an increase in endogenous leptin levels to high physiological levels after exogenous r-metHuLeptin administration in the fed state. Serum AGRP levels also tended to increase with fasting, an effect that was not observed when r-metHuLeptin was administered during fasting. In contrast, circulating ␣-MSH levels were not associated with body composition parameters and did not change significantly in response to fasting for 2 d with or without r-metHuLeptin administration. Finally, serum levels of these three neuropeptides were not associated with total caloric and/or macronutrient intake.
In rodents, hypothalamic MCH expression is regulated by leptin and nutritional status, with increased MCH during starvation and in leptin-deficient (ob/ob) mice, whereas feeding and leptin replacement prevent the MCH mRNA rise in these paradigms (4) . Furthermore, obese leptin receptordeficient Zucker rats have elevated hypothalamic MCH mRNA levels and plasma MCH levels, suggesting that central and circulating MCH levels change in the same direction (17) . In this study we show that serum MCH levels in humans change in response to fasting and r-metHuLeptin administration in replacement doses in the same direction as shown previously in rodents (4) . It is also known that both fastinginduced hypoleptinemia and r-metHuLeptin replacement result in significant physiological changes in energy homeostasis and neuroendocrine function (28, 29) . In contrast, r-metHuLeptin administration in the fed state to increase endogenous leptin levels to high physiological ranges does not alter MCH levels, nor does it change energy homeostasis (30) . Therefore, all of these findings support the hypothesis that circulating MCH may serve as a peripheral marker of changes in energy balance.
MCH is synthesized in peripheral tissues, but in smaller amounts than in the hypothalamus, and peripherally derived MCH is larger than the fully processed, biologically active MCH found in the central nervous system of humans and rodents (31) (32) (33) . Previous studies have shown that centrally produced MCH is secreted from hypothalamic neuron terminals (34) and crosses the blood-brain barrier (BBB) to reach the circulation (35, 36) . To our knowledge, no previous study has evaluated whether MCH can be released from peripheral tissues into plasma. In addition, although hypothalamic MCH expression is regulated by leptin in rodents, MCH expression in peripheral organs of ob/ob mice was not altered by leptin administration (5) . Taken together, these findings suggest that a significant proportion of circulating MCH may be of central origin, but this remains to be conclusively shown by future studies. Most importantly, serum MCH levels change in response to fasting and leptin administration in a manner consistent with changes in hypothalamic expression of MCH and, thus, leptin action.
Moreover, the positive association between MCH and fat mass detected in humans may reflect the fact that, similar to that in rodents (37) (38) (39) , MCH increases food intake and/or decreases metabolism, thus resulting in increased adiposity. Given that serum MCH levels can be easily measured, these findings may have relevance for the use of this marker in the diagnosis and therapy of obese individuals. Future studies are needed to conclusively determine the exact role MCH plays in regulating energy homeostasis and fat mass in humans. In addition, other studies to accurately characterize the source(s) of serum MCH in humans and to assess whether circulating MCH may have effects of physiological importance in the periphery are required (40, 41) . We also found that serum MCH levels are higher in women than in men, which can be largely explained by differences in body fat mass, although a minor gender effect independent of fat mass cannot be excluded. Additional larger studies are needed to accurately investigate this possibility.
Serum AGRP levels tended to increase after a 2-d fast, as previously reported in a study of 17 subjects (19) . Similarly, central and peripheral AGRP change in the same direction after fasting and/or leptin administration in animals (6, 16) . AGRP is secreted from hypothalamic neuron terminals (16) and crosses the BBB to reach the circulation (35, 42) . Peripheral AGRP is expressed in significant amounts only in the adrenal cortex of humans and animals, where it probably plays a paracrine role (16, (43) (44) (45) . Because bilateral adrenalectomy has no significant effect on serum AGRP levels in rats, the adrenal cortex is probably unlikely to be a major source of serum AGRP (16) . Thus, serum AGRP levels may reflect central AGRP levels and represent another important peripheral marker of changes in energy balance, in addition to MCH. Based on data from a previously published study of 17 subjects (19), nine to 37 subjects are needed to provide more than 80% power to show a significant increase in AGRP levels of at least 73% after prolonging an overnight 9-h fast for 2 more hours. Our study, albeit slightly smaller (n ϭ 8), evaluated a much longer period of food deprivation, which resulted in a highly significant decrease in leptin levels (P Ͻ 0.008) and showed a trend toward an increase in AGRP after a 2-d fast (P ϭ 0.06). These findings merit additional investigation in larger studies using measurements of leptin and AGRP levels at several time points during prolonged food deprivation to determine whether fasting-induced hypoleptinemia results in increased AGRP levels and whether rmetHuLeptin administration decreases AGRP levels in humans.
Animal studies have reported similar changes in central and peripheral ␣-MSH levels in relation to fasting and/or leptin administration (7, 15) , but our study failed to replicate these findings in humans. Similarly, Nam et al. (46) reported that ␣-MSH levels were similar in plasma and cerebrospinal fluid and did not change after weight loss in normal weight and obese subjects. Thus, regulation of serum ␣-MSH levels may be different in humans and animals. ␣-MSH is secreted from hypothalamic neuron terminals (47) and crosses the BBB (48, 49) , but is also expressed in many peripheral tissues in rodents (50) and humans (51) , where it may have various functions, such as modulation of inflammation (52) (53) (54) . Because peripheral tissues may contribute significantly to circulating ␣-MSH (50, 52-59), serum ␣-MSH levels may not accurately reflect hypothalamic ␣-MSH expression in humans.
Serum ␣-MSH and AGRP levels were similar in men and women, as previously reported (20, 21) , and they were not significantly associated with body composition or leptin levels in our subjects, similar to the report by Shen et al. (19) . However, a smaller Japanese study found that plasma ␣-MSH and AGRP levels were higher in obese subjects and correlated positively with each other and with body fat, and that plasma AGRP also correlated with leptin levels (20, 21) . Whether the observed differences are due to more accurate effect estimates provided by the larger size of this study or to genetic differences in the studied populations needs to be additionally investigated.
In summary, we show that serum MCH levels are positively associated with fat mass and increase in response to fasting, but not when r-metHuLeptin is administered during fasting. We thus hypothesize that serum MCH and possibly AGRP levels may represent a useful peripheral marker of changes in energy homeostasis in humans. These findings could be of clinical importance, given the current availability of assays to measure serum levels of these neuropeptides and the ongoing efforts of pharmaceutical companies to develop agonists and/or antagonists of the MCH and AGRP/␣-MSH systems for the treatment of obesity. Furthermore, the potential relationship of serum AGRP with alterations of energy homeostasis, including fasting and r-metHuLeptin administration, remains to be fully elucidated, and whether serum MCH levels can discriminate between leptin-sensitive and leptin-resistant subjects merits additional investigation.
